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SOME EXPERIMENTS UPON THE ROASTING

OF IRON PYRITES.

LR T R R P p———

Although much work has been done upon the roasting of
iron pyrites in large scale plant, chiefly in the manufacture
of sulphuric acid, and, in a general way, the necessary
conditions for good roasting in the various types of plant
are known to practical men, yet very little systematie
work has been carried out in this field. For this reason
it was considered desirable to carry out a series of roasting
experiments and, if possible, endeavour to follow the various
stages in the roasting operation. Further it was deemed
advisable to investigate the influence of the size of the
particles and rate of the flow of the air through the furnace,
upon the course of these reactions. For these purposes a
study of the composition of the gases at various temperatures
seemed the most promising method of investigation.

Before the work could be started much thought had to
be given to the methods to be pursued and the apparatus to
be used. One point of fundemental importance which had to
be settled was, would the composition of the gas alter while
the sample was being withdrawn from the furnace into the
absorbing liquid on account of the alteration.. in the
temperature, To decide this point a series of experiments
was planned, the results of which showed that the gases could
be withdrawn from the furnace without change of composition,
provided glass tubing was used for the purpose and that no

rubber came in contact with the gases.

First series of Experiments.

Object:- To investigate if any SO§ 1s formed when a mixture
of SO2 and air is passed through a Silica Tube when hot,

Apparatus:- This is shown in Figure 1. The tubes leading

into the absorption bottles were drawn to a fine point,

ground/
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ground smooth, and adjustedlby means of a rubber joint
on the tube, but well clear of the liquid, to touch the
bottom of the bottle. By this means the gas stream was
broken up into extremely fine bubbles about 1 m.m. in
diameter and complete absorption was ensured, That the
absorption was complete was proved by inserting a second
wash bottle containing dilute solution of the absorbing
reagent, This wash bottle always gave a blank result.
Procedure:- A mixture of air and So2 was passed through
the silica tube which was inserted in an electrically-
heated furnace, The alr was supplied at the rate of a

half litre per minute and SO, at three bubbles in two seconds.

2
Samples of the emergent gases were drawn off through
absorbents in the gas-wash bottles numbered 1 and 2, by means
of aspirators., The volume of the sample was measured by
the water run out into the measuring jars below, Suitable
quantities of standard x! Potassium Iodide and Potassium
hydroxide solutions were placed in the wash-bottles 1 and 2
respectively. A volume of about 500 ccs. was aspirated for
each sample, The time required for each test was about
30 minutes so that a sample of about 3% of the gases was
obtained. Starch was added to the Iodine solution and
Phenolphthalin to the KOH solution and the gas was passed
t111 the end points were reached; these could be determined
very exactly and were arranged to come close together,

Tests were made first with the tube cold, and then the
tube was heated to about 500° C. and another set of tests made.
In each case the ratio of the volume of gas necessary to

neutralise the KOH to that required to reduce the Iodine was

determined thus:~
Reducing Power =
Ratio = Acldity Ccs of gas to neutralise KOH
Ccs of gas to reduce Iodine.

While the proportion "total acid" was constant, the reducing

power/



power decreased as the 303 content increased, so the fall of the
ratio gave a measure of the SO formed.

Results:- The following resilts were obtained. Presuming
that there was no conversion in the cold tube, which is known
to be the case, th§ heated tube shows considerable formation

of sos. This was apparent from the volume of white fume

emerging from the apparatus,

Reduction. Acidity. Ratio =
Experiment. Reducing Power,
Ces,Iodine, |.CémsGas|Ccs Cecs- Acldity.
KOH. | Gas,
Tube Cold, 25 585 10 480 0.821
Tube Hot. 25 655 10 510 0,778

Therefore Sos is formed when 802 and air are passed

through a heated silica tube,

Second Series of Experiments.

Object:- To investigate if any SO:3 is formed when a mixture
of S0, and air 1s passed through a Heated Glass tube,
Apparatus:- The apparatus used was similar to that utilised
for the previous set of experiments except that the silica
tube was replaced by a hard-glass combustion tube,
Procedure:- A parallel set of tests to those carried out

in the previous investigation was performed but as the
experiment with the hot tdube showed no conversion this was

repeated several times in order to confirm this result,

Results: -
N .
. Reduction. Acidity. Ratio =
Experiment. Reducing Power
Cos, 1 Ccs Gas.]Ccs Ces Acldity
2 KOH Gas
Tube Cold. 25 815 10 660 0.810
Tube Hot. | 25 700 10 570 0.814
Tube Hot. 25 640 10 525 0.820

In these experiments no white fumes were visible in the

gases emerging from the furnace.
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Summagx:- The results for the cold Glass tube agree with those
for the cold Silica tube, as would be expected. The results
show that no change takes place in a heated Glass tube, so
that an analysis of the gases drawn from a furnace by means

of a Glass tube is representative of the gases in the furnace.
This 1s supported by results derived from Contact sulphuric
acid practice. In plantemé practice it was found that
samples of ingolng and exit gases of the Convertea Ovens

when withdrawn through iron tubes gave "conversion" figures
which were not in good agreement with the actual production
figures of sos. The "conversion' figures were too low.

When glass tubing was inserted inside the iron tube and
zamples withdrawn through the glass tubing higher conversion
figures were obtained and these were in good asgreement with
the actual recovery figures, It was on the hot side, that 1is
the exit side, that the greatest difference was observed.,

Some SO, was being decomposed in passing through the iron

3
tube.

Third Series of Experiments.

Object:- To investigate the stability of a mixture of

802, SOS’ and air when passed through a Glass tube which is
maintained at different temperatures,

Apparatus:- The apparatus was slightly modified from that
used in the previous experiments in that the 802 and air was
passed over platinised magnesium sulphate in a furnace
maintained at a temperature of 420°C. to obtain SO5 in the
gases, Moreover the So2 content only of the gas before and
after passing through the heated Glass tube was determined
in this case.

Procedure:- A mixture of SO, and alr was passed into the

2
first furnace which was a resistance furnace having a silica
tube, In this tube was placed a porcelain boat into which

was put 10 grams of platinised mass. This converted part
ot/



of the 802 to 305.

A sample was drawn from the mixed emergent gases, through
an absorption bottle containing N/10 iodine, by an aspirator,
and the So2 content estimated, The gases then passed
through a second furnace through which passed a Glass tube.

A second sample was withdrawn from the gas stream as it
emerged from this furnace and the 802 content determined

as before, A series of experiments were carried out. The
first set was carried out with the Furnace B cold, the second
set with this furnace heated to about 600°C., the middle

12 inch portion of the 2 ft, 6 in. tube being heated, and
the third set using the same temperature for the second
furnace but heating the end of the tube nearest to the
second absorption bottle. This meant that in one case the
gases were cooled a little before passing into the absorbing
medium and in the other case they were cooled only to a
very slight degree, In order to further accentuate the

second case the rate of aspiration was increased,

Results:=-
Before glass tube. After glass tube. Differ-
Experiment,  ~---reremcemcre e ence,
Ces, 12. Ccss Gas, Ccs, 12. Cecs.Gas,

Tube Cold (B) 25 - 1235 25 1275 +2
Tube Cold (B) 25 540 25 550 +2
Tube Cold (B) 25 520 25 524 +]

~ Tube Centre Hot 25 448 25 453 +1
Tube Centre Hot 25 440 25 438 =0°05
Tube End Hot 25 720 25 713 -1
Tube End Hot 25 895 25 908 +1

Summary:- These results show that, within the limits of
accuracy of the experiments, the gases S0, SOS, and air do not
elter in composition in passing through a heated Glass tube,
but that in passing through a heated Silica tube, considerable

change can take place.

It was found that when a deposit of carbon, from

decomposed/
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decomposed corks, formed on the glass tube change of

composition of the gas took places this again is borne
out by large scale practice, For this reason the glass
tube was kept as clean and dry as possible,

The apparatus which was used for investigating the
roasting of iron pyrites ia:shown in Figure 3. Having
shown that the gases S0, 802 and 02 can be withdrawn from
the furnace through clean glass tubing without altering the

state of equilibrium it was considered that the sequence of

roasting reactions could best be studied by following the
change in the Soz'and So5 contents of the emergent gases,
Knowing that the glass tube through which the gas damples
is drawn must be clean the cork at the exit side of the
furnace was replaced by a special carborundum joint. The

air before passing into the furnace was dried by passing it throug%

a calcium chloride drying tower, As a result of this precaution .
no acid condensed in the outlet tube. ‘
Pressure gauges were fitted to the apparatus, one on
the inlet side of the furnace and one on the aspirator.
This ensured a constant pressure throughout the apparatus
and also ensured that the pressure in the aspirator was
the same in each test; thus increasing the accuracy of
the results., The introduction of the nozzle on the inlet
side allowed of more easy regulation of the rate of the

air supply and by varying the size of the nozzle the amount
of air passing was more easily and more accurately regulated.,
After some experimenting the best sizes of nozzles for the !
various rates of flow were obtained.

Another method of analysis was adopted. In order to
minimise the number of volume readings, and so reduce liab-
111ty to error, absorption in N/10 Iodine was adopted |
followed by another wash bottle containing N/100 Iodine, 3
By adopting the precautions already mentioned in the earlier

experiments/
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experiments absorption was found to be complete in the lst
wash bottle. The SO0, and So5 were absorbed in the same
wash bottle. Also in these experiments only a certain
amount of gas was drawn through the wash bottles, not
sufficient to oxidise all of the Iodine. The excess of
lodine was determined by titrating with N/10 Sodium Th#osulphate
and from this figure the amount of SO2 in the known volume
of the gas was calculated, An excess of thiosulphate was
then added and the solution titrated to neutrality with N/10
NaOH and the amount of SO3 in the known volume of the gas
calculated, The method of calculation is as follows:-

if x 1s the number of ccs. of N/10 NaOH and y equals the
number of ccs of N/10 Iodine, then the weight of S0, equals
0.0032y grams and the weight of SO; equals 0.,0040 (x - 2y)

grams of SO Taylor and Occleshaw found that this method

ze
gave very satisfactory results when checked against other
methods of analysis but that it was desirable to titrate
with thiosulphate immediately after the test was completed
as a very slow oxidation of the SO2 by 02 takes place,
This precaution was observed. Tests were carried out
at intervals of 50°C. up to a maximum temperature of 900°C.
The temperature of the furnace was measured by a thermocouple
and the temperature was regulated by a rheostat, The
oxygen content of the alr was determined at frequent intervals
by means of a Hempel gas apparatus. It was found to remain
very constant throughout all the experiments, the figure
obtained being 20.8%. It was essential that the oxygen content
of the air remain constant,

The ore used in these roasting experiments was practically
a pure iron pyrites. his ore was chosen so that the
variables should be reduced to a minimum and so that more

accurate deductions might be made from the data resulting from

the experiments. Moreover no variation of composition would

be/
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be obtained in the fine ore and the coarse orej this point was

confirmed by analysis. The analysis of the ore is given
in the following table:-

N I1I.
Fe 48.4 48,2
S 49,0 490.4
Cu l.4 1,2
sio, 0.8 _0.76
99,6 99,56

The ore was classified into various sizes and dried
at 100°C. before being used in the various experiments.

10 graftms of ore equivalent to 4.92 gms, of Sulphur were
used for each experiment. The ore was placed in fireclay
boat and it was rabbled at the end of each test.

For the first experiment the size of the ore used was
through 20 mesh and ley on 50 mesh. The rate of flow of
the air into the apparatus was kept constant throughout
the experiment and was approximately 1/20 cubic foot per minute,

In Table I the data obtained during this experiment
deeset out and in Table II the calculated data, necessary for
a study of the reactions involved in the roasting of the ore,
are given. Fig.4. shows the Information of Table II in
graphical form.

From a study of Figure 4,it would appear that a series
of reactions are involved and that each change in direction
of the curves indicated some change in conditions,

The influence of the size of the ore, on the reactions
involved, was mext considered. To investigate this point
three sizes of ore were selected. The sizes shown were 1/8",
10 mesh and 100 mesh. Throughout -the various experiments
the rate of flow of the alr into the furﬂace was kept

constant, the figure being the same as used in the earlier

experiments./
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experiment, The calculated data derived from these
experiments are shown in Tables 3, 4 and 5, and the
graphs drawn from the data are given in Figs. 5, 6 and 7.
The general resemblance of these curves to Fig.4 1is very
striking, each curve being, as before, made up of a
number of individual portions,

The other very important factor in rossting operations
i1s the rate of supply of air to the furnace. This point was
investigated by carrying out a series of experiments with
verying rates of supply of air to the furnace, the size of
the ore being maintained at a constant figure. For this
purpose ore of 30 mesh slze was used, The rate of flow of
air was measured by the meter shown in Figure 3. The meter
was also used to check the rates of flow in the earlier
experiments so that a steady rate of flow might be attained,
From preliminary experiments it was determined that using
nozzles of 3", 3" and 1/32" diameter of pressure nozzle
rates of flow of air of 1/10 cublc foot, 1/20 cubic foot and 1/30
cubic foot could be readily maintained over the whole period
of the experiment. This device proved eminently more
satisfactory than the earlier endeavours to control the
rate of flow by means of screﬁ clips. The air was supplied
from a very large storage tank and the pressure of the air'
in the storage cylinder did not alter measurably during an
experiment. A pressure gauge was fitted to the tank,

The data obtained from these experiments are recorded in
tables 6, 7, and 8 and shown in graphical form in Figures 8,
9 and 10, The curves show the same general features as
those curves already mentioned. It may be mentioned in
passing that in the two extreme cases of rapid flow of air
and of finely comminuted ore the marked irregularities of
the total curves is not nearly so pronounced. That these

breaks, or changes in direction, of the curves are real,

cannot/
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cannot be doubted as they occur too persistently and too regularly
to be explained away by experimental error.

The final product in the roasting of FeS, ia Fey03
but F°2(SO4)3 i1s also formed during the operation if the
temperature be too low, It is generally assumed that
the reactions involved in "burning" of pyrites are
represented by the equation

From a study of the heat balance of a Mannheim contact plant
this equation would appear to meet the case in a general way.

[}
(See McNab for figures). Some of the SO, would be oxidised

2
to SO3 so accounting for the small percentage of SO5 found
in the "burner" gases. However the reactions which take

place during the roasting operation of FeS_ must be very

2
much more complex and it is the preponderance of one reaction
over the others in certaln ranges of temperature which must
account for the various breaks in the curves,

Owing to the great experimental difficulties it is
not possible to follow all the reactions taking place.
But 1t is bossible from theoretical reasoning to arrive at
a fairly accurate account of the operation. For this
purpose a study of the equilibrium constants with varying
temperature is of great value. The van't Hoff Equation

is the form generally used, This equation is

d log K - Q@
at RT#®

To ugse this equation it 1is necessary to know one value of K
for the reaction under consideration. This is necessary for
4in the integrated form of the equation a constant appears
which it is not possible to evaluate,

By using the Nernst Heat Theorem the difficulty of the
constant can, in a great measure, be overcome, In order
to understand this theorem and to follow its application

more
/ § Tecunmican Resaros of Exmosives Sorry, 924,
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more clearly it will be advisable to show briefly its
derivation.

For the van't Hoff isotherm for liquid er solid states
the equation is of the form A =RT logK-RTZV logC
From the Clapeyron equation as applied to vapour pressure

the value of log C ean be determined

E/L0ZC - =5/de 1 H% log T 4 5V/BoTv-—-3EV0
RT R R

where A, = internal molar heat near 0° Absolute Temperature

and internal molar heat of vaporisation = A +xT +3T2+--~-
1l = constant depending upon substance
2V = algebraic sum of molecules taking part in the reaction e
VANB=T D B = - -y
AA\..
From the fundamental equation of energy charge A - Q = (H"I') we
get by a slight transformation the form__‘4_=.f% aT -+ const.,
T
=a-[Q dT where @« = a constant,
T2
undeterminable by thermodynamics. The variation of Q with

temperature can be expressed as Q= Q+«T +372+-----
where Q =heal of reaction at Absolute Zero. SubshituFing Fhis valve of @

we get A -a +4a —xlog T=QT..__.. A= Q,+aT ~« T log T~/3T3---- -
To calculate the constant "a,") Nernst assumed that in the
region of Absolute Zero = =0

: 44 - 48
so that we get dq,d =a -xlog T — 23T ---.-- =0

and 45 =K + 23T+ ~-====--~--- =0
aT
from we get &8 = o and X =0

2
HenceA=Qo-ﬁ T
and similarly QT = Qo .4+ 3T

2

Therefore substituting the Nernst equation in the van't Hoff

isochore above
RTlOg’K =-2/A° +Z/«°T(°8T .'.Z/ﬁo T2+--..- Qo‘ﬁTz\-__“f'Z/c

= (Q,~Z/A)+EAXT log T—(B-5,3,)T>..

This equation may be regarded as an expression for a gaseous

reaction carried out in the liquid or solid states,
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Equating the constants of this equation with those of

the usual isochore equation we get

@ 1sochore =(Q—Z/r\o)

- =2/
-/3 =/3+Z2 /73,
Const =ZJe = the summation of integration con-

stants of wveapour Pressure curve
which can be determined by
calculation.

Nernst further assumed ¥ = 3,5 calories so that the equation

now becomes RT Log,KP 2 Qy+3SV T logT —/3T2o--- +C
. log, K, =Q, L1'75/logT - 3T ... +C’
+STT 4-57

The values for the coefficlents used above¥,/3  etc. are
readily obtained from the specific heat values of the reattants:.

and products of any given reaction,

From Kirchoff's Law o{ Q = C, - C, where C, = initial
)T h&at cépacity o’! the system ami
and Q. = Q,+3T?2
. T o/ 02 = heat capacity of system
2 %;Q_I =2/3T after the reaction,
T

For general purposes /3 can be neglected as it is
generally of a very small order. The errors in specific heat
determinations and in heats of formation are generally more
serious than the omission of /3 etc. Also Qo can be taken as app-
tex.equal to Q at ordinary temperature.
Therefore,as & first approximation, we may adopt the. equation
l.og,o K =;%;T + 1'75/logT +Const
Nermst has calculated the value of the constant for a large
pumber of gases and for sollds it can be neglected.
The variationg of the value of the affinity value A is
often useful as a guide to how a reaction will go with change
of temperature. ' .
As already dhown A =Q -3 T
end the value of /3 can be calculated from the specific heat.

values as previously stated.
As the value for the specific heat is not always available

at/
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at constant pressure it can be calculated from the constant
volume figure and a modification of Gruneisen's éguation.

Thus C, =C, +CL Ly 00214 where T 1s the melting
Tm m temperature,

The above theorem was applied to a number of possible
equations which might possibly represent stages in the
roasting of Fe82~w1th a view to endeavouring to interpretate
the experimentally derived curves.

There‘is a certain amount of practical evidence
for assuming that on heating FeSg it 1s decomposed and S is
liverated. Therefore the first reaction to be investigated
will be Fesz\:‘ FeS + S,

Heat of formation of F082 = 29150 calories.

n " " " Fes = 24000,

Sp.Ht. of FeSa_= 1301 Molar Sp.Ht. af Const.Pressure

120 x ,1301 = 15,6
Sp.Ht. of FeS = ,1357 " 88 x ,1357 = 11.94
" 4] 1] S - 0 R 18 "

32 x 0,18 = 3,76

Q@ = - 5150 calories; .+°s 15.6 - 15,7 = 2/3T and for
T = 290 we get = -,l = - ,0002
580
and Q = Q_+ 8 12
o*. =5150 = qQ_ +(40.0002T%) - Q,=-5/50+00002T?2
o
2
and A = Q = T
(o} ﬂ 2 2
(=5150 + 0,0002T ) + 0,0002T

n

o o Affinity 1is negative but increases with temperature though
even at 400°C the affinity from left to right is not appreciably
reduced., But as the vapour pressure of the sulphur increases
rapidly with increasing temperature, so sulphur will pass out

.of the system and to preserve equilibrium more F382 will

require to be decomposed. Hence this reaction is dependent
entirely upon the vapour pressure of the sulphur, Actually

it is the partial pressure of the sulphur which is the

i mportant item but for our purpose the relation bétween the
vapour pressure of‘the sulphur and temperature will give a good

indication of the reaction.
These/



14,

These values have been calculated and are given below in

Table 9., and are also shown graphically in Fig.l2,

Table 9.

Temp, oC. log.p. P in m.m,
0’c -6.00 1.0 x 10°°
100°%¢ ~1.95 1,12 x 1077
200°¢ + 0,18 1.51
300°¢ 1.56 36431
400° 2,54 346,7
444°%¢ 2.88 759.0

Under the conditions of the experiments the vapour
pressure will not be quite as great but will rise in the same
order. Therefore, at about 200°C, the partial pressure
of sulphur will be quite appreciable and will rise very
rapidly with increasing temperature,

The removal of the sulphur vepour from the system will
be greatly assisted by the oxidation of the sulphur to
sulphur dioxide according to the equation

S+0, —350,+69260 calorres
G-C =316 =23T

3 =316 . I'58 - 0054 Molar heatof O, = 6-96
5T 290 :

lLe. 69260 = Q,+0 0054 (290)* - ~ 3 =609

Q, =69260-4954= 68806 ) -~ 90, =9-89

A =68806-00058T=>

Trerefore the affinity of the reaction is positive but
decreases with increasing temperature,

Also log Kp = 69260 _I'75logT —2'5 taking the valves For the constanh

4-57T Oz =2-8

502 =33

and as KP = /"SO‘ Svapour =30
PS +/’oz

therefore/
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therefore,with increasing temperature,which results in (og Ko
becoming less,the partial pressure of the 802 wlll become less
resulting in the less rapid removal of the sulphur vapour from
the system. Calculating Kp for 90000 the value obtained 1is

KP =/[]12 x|]O° This means that even at 900°C the amount of SO
2

is very high; 1in fact it must be practically 100% assuming,

of course, only 802, 0, and S present,

2

Thus if x = partial pressvre of S50,
then [-X = partsal pressure of G,
2
{=X = partial pressvre of S vapour
2 2 = [(2x10% Sox =/

This means that whengz Sr the sulphur is liberated from the

F682 it will be rapidly oxidised té SO, when the temperature

2
is such that the velocity of reaction is high.

FeS which results from the decomposition of the FeSy will
be oxidised to F°2,3'

The equation representing the reaction may be as follows:-
4FeS +70, —*»2Fe,0; +450,+472240 calories

2/{7- =(4x//-94 ’-7):696) (2X2330+4x989)M0(dVﬁea/'F03 /19 ¢

. Fe 0,=23-30
= /0-32 - G- eve
/3 =_5¥_§ = 0:0/78 " 30,2 989
Q = Q.+ 0/78T2
472240 = Q,+ 0178 x292%2

"Q, =472240~/497 = 470743

A =Q,-0/78T>
= 470743 -01787T?2
.'. the affinity of the reaction is very positive but falls off

with increasing temperature though at 900°C it 1s still very
large, namely A = 446,250..

Also log Kp = 470743 . 3 x/ 75[03 T-68 = (Psgz)‘,. ZL") where xspartial press,

4sTT °F S0
1= =partz/
For T = Q00°C = HT3°AT of o; press

logK =7086 .. Kp=94x/0"° =_x* "y =
8 P P (/_x)7 A x «’
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Consequently even at 900°C the reaction will proceed rapidly to
the right. At low temperature it will also go in the same
direction with equally great tendency but the velocity of

the reaction will drop off at very low temperaturesg,

The sulphur dioxide formed by the oxidisation of the sulphur
and the FeS will, in turn, be oxidised to sulphur trioxide,
This reaction,unlike the preceding ones,is greatly affected

by the presence of certain substances which act as accelerators
or catalysts., The reaction itself is slow, that 1s, the rate
of reaction 1s slow but this is considerably altered by
certain substances. Platinum is the most efficient

catalyst as its optimum temperature for rapid "conversion" of
the 802 to SO5 is at a temperature at which SO3 is stable in
the presence of 02. F395 1s also a catalyst in that it
accelerates the formation of SO3 but unlike Platinum it also
combines with the S0z to form ferric sulphate so that to get

the maximum yield of SO, we must have a temperature at which

3
ferric sulphate 1s slightly dissociated. All that is
necessary 1s that the SO5 ﬁressure of dissocliation be the
same as that of the So5 partial pressure in the gases. Un-
fortunately from an efficiency poilnt of view this temperature
lies above the range of maximum stability of sos.

Using the first approximation of the Nernst Heat Thexrem
the variation of the equilibrium constant with temperature
can be obtainedj}rom this the degree of dissociation of So5
at various temperatures can be calculated.

The equation of the reaction is 2802 + 02;: 250_ + 45,280

calories,
Taking Qo = 44,610 calories and using this first in the Nernst

Equation we have log,, KP = 44610 _ I75(og T-2-4
45717

also Kp = P:,o3
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Now let x = degree of dissociation of SO

3
x
then 1 - x = amount of SO , and x = amount of SO and 2 = amount
3 2 of 0_.
2
From this p,, =-_/=X = =_/=X_
3 - +* =
/-x +x > /1‘2
2 =
/+3
po = _&...X { e = 4
3 3¢
2 2 1+3 2(/ 1_5_)

Uy St Gy 2003)

(1+%)

=(l-2x+x)(1+¥F)2 = 2= 3x +3
X3 x3

= /- 2
te./y, / ih.+.x3

o o« wWhen Kp is very large the first two terms can be neglected

and we have K, = &, so that dissociation
is negligible. From the following table it will be seen
that under 400°C,K.p is very large and consequently at
temperatures below 400°C dissociation of SO3 is negligible,
The results obtained from the above equations are set

out in Table 10 and graphically in Figure 12,

Table 10.

emp Temp. log Kp. Percentage dissociation

SC. OAbsolute. 10 Kp of SO
3
29

0 273 29,14 1.38x1039 negligible,

100 373 19.27 1.86x10 "

200 A3 13.55 3.55x1013 L]

300 573 9,81 6.46x10$ "

400 673 7.16 1,45x10, 0.2%

500 ™3 5.62 4.17x107 1,0%

600 873 3.64 4.32x103 8.0%

700 973 B.,40 2,53x10 18,0%

800 1073 (1,29 1:97x101 36,0%

900 1173 0.5508 3.55 56%

The only remaining reaction which which need receive
any special consideration is that of the decomposition of
Fe (804)3. This reaction takes place according to the

2

equation
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e
Fezp5 + 380, & Fey(S0 + 128,700 calories.

4)5
The percentage decomposition of ferric sulphate or the pressure
of the SO3 formed at various temperatures can be calculated
from the Nernst equation. For the decomposition of the

sulphate the value of 1og10 Kp 1is given by the following

equation
1og10 K = =128700 + 3 % 1,75 loge T + 3 X 3.5
p T4 BT
= 3 log.P805

In Table 11 mre given the results of Kp obtained for
different values of T. From these values the pressure
and also the percentage decomposition have been computed

and are also given in the table below;-

Table 11,
Temp Temp., 1og10 K log P P p. in % de-
%c. oA,.T. p SO, S04 m.m. composi-

tion.

600 873 -8.62 3.11 .0,0013 1.0 .13
650 023 -4,44 2.52 0,033 25,2 3.3
700 973 -2,759 /.08 0,120 91.2 12.0
750 1023 =1.317 7.561 0.364 276.0 36.4
800 1073 +0,30 0,010 =1,00 =760,0 =100

At temperatures in the neighbourhood of 600°C the vapour
pressure of SO5 from the dissoclation of the ferric sulphate
is appreciable so that at a temperature of approximately
550°C 1t will begin to deéompose. At temperatures below
this latter figure ferric sulphate will be formed by the
interaction of Fe.z.o:5 and 803, so that at temperatures below
550°C the yleld of SO, will be poor.

The curve for the dissoclation of Ferric sulphate in
relationship to temperature variation is given in Figure 13,
On Figure 14 the curves which have been arrived at
theoretically are all plotted together having the temperature

axis common to all, This curve shows the fundemental changes
which/



19,

which €;3§ place upon heating Fe82 and that these changes have
a real practical bearing is borne out by the curves obtained from
the experimental results,

Whilst these theoretical curves permit of a very satisfaétory
qualitative examination of the experimental curves being made,
it 1is, ﬁevertheless, not possible to derive qurntitative data
from them, These curves give the equilibrium conditlons as,
temperature varies but say nothing on the very important
subject of the rate of the reactions at the varying temperatures,
For example in the reaction 2802402 = 2505 the conditions
for So:5 formation are very suitable at low temperatures
according to the data arrived at, yet it is well known in
practice that at temperatures below $00°C very little 80,
is formed even under the best oonditions, Moreover even at
400°C the amount of SO3 would be small 1f an accelerator,
such as Pt-black, were not adopted in practice.

The probable curves for 802 and SO5 have been drawn in

Fig.14 from a consideration of the calculated data, For
the S0, curve the portion AB will follow in a general way
the dissoclation curve for Fesz. Assuming that the FeS readily
oxidised‘to S0 - the rate of this reaction will increase
wikt h temperature, so that slope of curve will be greater than
shown - and that no secondary reactionsoccur this curve would
continue as a smooth curve until the system contained only
S0, and F°2°5' However at a temperature around 350°¢
the S0, curve will change direction and the quantity of SO

2
being formed will cease to increase, This is due to the

2

2
BC, SO:5 will be formed in large quantity. But at C the

oxidation of SO_ to SOS. Over the portion of the curve

curve will commence to rise again due to the fact that sbout

450°C the stability of SO; begins to decrease in a marked
manner and as the temperature increases the rate of formation
of SO5 decreases fgster and faster, Consequently over the
portion of the curve CD, the 802 content increases, because

the ?0 from the oxidation of the FeS will become more snd
more
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more stable with increasing temperature. ‘The exact temperature

at which all the FeS2 willl be oxidised to F6205

sulphur is difficult to fix, but it will be in the neighbourhood

and oxides of

of 550°C., This temperature will vary with the size of the
pyrites pieces but, in the 1limit, will approach this figure,
This is borne out in the experimental curves and 1s further
substantiated by practice, in that, in sulphatising roasting of
copper ores, the maximum optimum temperature is found to be
about 650°C, this latter temperature being high enough to
obtain a large amount of the iron in the state of F0203;

that 1s,it has all been converted to sulphate and then
decomposed. In the theoretical case - if 550°C be the
temperature at which all FeS, 1s oxidised - there will be a
slight drop in the curve as shown in portion DE. At E the
curve will again commence to rise but not so steeply as
Hrmerly. This increase in the S0, content comes from the
decomposition of the ferric sulphate. At 600°C this
decomposition is just becoming appreciable and the SOz formed
will, to a very large extent, be decomposed glving rise to 802.
Theoretically at a temperature of 800°c ferric sulphate will
completely decompose so that above thls temperature the S0Og
content should rapidly fall off, The exact temperature

of the beginning of this fall and at which there will be no

SO present will vary with the size of the particles. Further
aszit is not pure oxygen but air which 1s used in the
experiments, and also in practice, this point will be further
modified by the partial pressure of the nitrogen. The
portion of the curve EFZ shows the change due to the
decomposition of the ferric sulphate, The theoretical

curve for the So3 content of the gases can be similarly
arrived at., At temperatures below 300°C there will be
practically no So..5 in the system. At this temperature S0z

will begin to be formed and will increase in amount at an

increasing/
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increasing rate as the temperature approaches 40000. But as the

803 is increasing so also is the amount of Fe Oz in the system

2
increasing. The Fe, 0, combines with the SO‘,5 £o form Fez(so4)3

273
but exactly at what temperature thils reaction begins to be
really important, it is difficult to say. It is safe to say
that at 400°C the rate of reaction is becoming quite
appreciable so that from about this temperature up to a
temperature of 600°C,at which temperature the dissociation
of ferric sulphate sets in,there is practically no increase
of the SO'.5 content of the system. Practically all the SO:5
which if formed goes into combination with the F°2D5° The
portion of the SOS curve,marked OF, shows the increase in S0,
and that marked PQ, the range over which the SOz is going
to ferric sulphate. At Q, the SO5 content increases due
to the dissoclation of the sulphate. This amount will
increase with temperature as the rate of dissociattn with
increasing temperature is greater than the rate of dissociation of
the trioxide of sulphur. At sbout 800 C the smount of 50,
in the system should commence to fallew off but,as explained
previousiy;thé exact location of this point‘of decrease in

S0_, 1is difficult to fix precisely.

1
° A comparison of the actual curves obtained by experiment
with the curveson Fig.lh is of interest. In Figure 4 an
average type of curve ls depicted. The condiions were
the rate of air supply, about 1/20 cubic feet of air
per minute and the ore size, 20-50 mesh. Unfortunately in
this series of experiments 4oo°c was the lowest temperature at
which tests were made. The SO, curveshows a flat portion
from B to C between the temperaturea 400°C and 500°C. This
corresponds with the range of S0 formation. At C the
curve rises rapidly to D at 55000. There 1is no fall from

D to E but the curve is practically flat. From E at 600°C
to F at 800°C the curve rises fairly steeply and at E it

falls/



22.

falls again, The curve for So3 also conforms tothe
o
deduced curve in that it remains flat from 400 C to 60000

showing that the S0, formed is going to ferric sulphate

3
formation. At 600°C the slope of the curve gradually
increases becoming greater with increasing temperature,

There 1s no decrease in the rate of 50z formation up to

900°C indicating that the amount of ferric sulphate
undergoing dissoclation is still sufficiently great to

cause an increase of the SO; content, although not sufficient
to maintain the high percentage of the SO2 content.

The effect of the slize of the ore particles upon the
roasting is shown in Figs.5, 6, &nd 7. In the experiments
upon which these curves are based the rate of flow of air
into the apparatus was kept constant, In Fig.5 the results
for pleces of ore 1/8" in size are given. The S0, curve
again follows the general type but as the size of the
particles 1s relatively large,roasting would not take place
uniformly throughout the pleces. Therefore, as would be
expected, the changes are not so marked as equilibrium
conditions are not striectly maintained, The portion BC is
not so flat as in the previous case and the point C is
not clearly marked, Also the point D at 500°C - the point
of completion of roasting - 1is also indistinctly marked
whilst at F the curve does not fall but simply changes its
direction, rising more slowly. The SO3 curve continues
along the zero line to 400°C showing that the little S04
vwhich has been formed from B to C has been sufficient only to
satisfy the sulphate formation reaction. Between 400°C
and 45000 more SO5 than is required by the former reaction
is available and so free SO:5 appears in the system. From
P to Q that is from 450°C to 650°C the SO3 concentration

remains constant but at 650°C it begins to increase and

incereases with rising temperature due to the dissociation

of/
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of the Fdrric sulphate.

In Figure 6, the results of experiments carried
ou- on ore of 10 mesh are recorded. In this case
equilibrium conditions appear to be much more closely
approached, The SO. curve shows all the characteristic

2
portions. AB is due to 802 formation and increases
with temperature, At B the curve rounds into the
flat part BC from 350°C to 450°C which is the range of
oxidation of 802 to SOS. At D 55000, after the rapid
rise CD the curve changes its slope and the rate of
SO2 formation being much less rapid and arising from
the decompositibn of the Ferric sulphate. At SOOOC
the curve ceases to rise, gradually falling away,

The S0, eurve starts sat 250°C and rises more gradually

3
up to the point P at 400°C thus indicating the gradually
increasing SO3 content of the system, the aount

being more than required for sulphate formation between
250°C and 400°C. From 400 C to 550°C the curve is
similar to those derived from the previous experiments,
At 55000 the curve commences to rise this being lower
than in the earlier experiments but nevertheless in
good agreement with the theoretical curve, Moreover

at 800°C the slope of the curve becomes less, indicating
a falling-off of the SO3 formation, arising from the
dissociation of the sulphate and is thus more in
accordancé with complete equilibrium.

Figure 7 shows the results in graphical form for
ore of 100 mesh. In this Case, due to the fine state
of division of the ore eqﬁilibrium conditions were
very closely approached. The changes of direction in
the curves are mich more gradual as would be expected

in true equilibrium conditions. For the SO_ curve

2
the slope 1s steep over the range of temperature

o
from 150 C to 350°C but after 250°¢ 1t gradually becomes
less/
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less steep as the amount of So2 converted to SO3
increases. This continues up to a temperature of
400°C after which the amount of 50, in the system again
increases as the optimum temperature of SO3 formation
is passed. . At 500°C the rate of 802 formation falls
off because, as previously assumed, all the pyrites is
oxidised. From 500°C to 750 C the smount of 50, goes
on increasing but not at the same rate as from 40000
to 500°C. From 800°C the concentration of the SO,
in the system gradually falls off decreasing rapidly
with increasing temperature, Similarly the SO3
curve follows equilibrium conditions very closely.
The formation of SO3 begins to show at about 250°¢
and gradually increases with temperature. From 400°C
to 800°C the rate of SO3 formation just keeps pace with
the rate of ferric sulphate formation but at 550° c
the sulphate begins to dissoclate and the curve of the
SO5 concentration gradually increases and becomes
steeper with increasing temperature, At 800°C.the
curve shows a sudden change of direction and the SO5
in the system ceases to increase. This is what was
expected from the calculated data. In this curve, there-
fore, the slze of ore and rate of flow of the gases
are practically correct to give equilibrium conditions,

In F4gures 8, 9 and 10 the effect of varying the
rate of flow of gases through the system, whilst the
size of ore was kept constant, 1s shown. In Figure 8
the air was passed into the system at the rate of 1/10 cubic
foot per minute, the size of the ore being 30 mesh,
The 802 curve 1s practically one smooth curve from the
sbart at 300°C to 700°C. Then from 800°C upwards the
curve falls again. The SO_, curve also shows a different

3
type of curve rising continuously from 30000 to 55000,

changing direction and rising again to 800°C,at which
point/



péint there is another point of inflection in the curve,

It 1s to be noted that the concentration of SO, was very

2
low at the lower temperatures, whilst the concentration

of SO3 increased over a much larger range of temperature,
]
The gas concentrations were favourable for a large amount

2
But while the conditions were good for the gaseous reaction

of conversion of the SO_. to So'3 at the optimum temperatures.

the speed of the gases appears to have been too high to
allow of the best conditions being established between the
solid and gaseous states, This is also noticeable at 800°¢C

for whilst the SO, is falling rapidly, the SO5 is still

2
rising quite rapidly in concentration. This means that
dissoclation was still quite active above BOOOC and that
equlilibrium was not established but the rate of dissociation
was not fast enough to keep up to 802 concentration of the
gases,

In Fjgure 9 with the gas passing at 1/20 of a cubic foot
per minute, the curve returns to the more general fomm,
For the 802 curve the form is similar to that already
discussed with the exception of a marked break at 65000
in the direction of the curve, It 1s difficult to account
for this break and also the one at 550°C, As the 55000
has persisted throughout all the curves, it seems well
established. The break at 65000 would appear to be
connected with the dissoeiation of the ferric sulphate
in this case. It may be that the 65000 marks the end of
the pyrites oxidation in this particular case and that
the 550°C point may be due to some slight experimental
error. With this exception the curve is normal,
The So5 curve is quite typical of the earlier cases,

The results of increasing the rate of flow of air into
the apparatus are shown in Figure 10, The SO_ curve 1is

2
again in good agreement with the previous experiments, The

o
550 C 1is very clearly marked in this series of experiments,
The/ .
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The decrease in the So2 concentration from 550°C to
600°C and the sharp change in the curve at the latter
temperature due to the 50, coming from the dissoclation
of the sulphate point to the faet that in this region
the oxidation of the pyrites completed itself, The SO
concentration curve is normal, The rate of flow seemeﬁ
to allow of equilibrium in ths heterogeneous system of
gas and solid being approximated to.

In Figures 15 and 16 are shown the variation of
the percentage conversion of SO

2
the different sizes of ore and the different rates of

to SO0 in the gases for
3

flow of gasés in the system respectively. It is to be
noted that whilst the size of the ore'did not affect the
maximum percentage conversion to an appreciable extent,
yet with the finer particles of ore conversion took place
at a much lower temperature, On the other hand the
concentration of the air affects the amount of conversion
very appreclably. For high concentration of air very
much better conversion is possible. This 1s what theory
would lead us to anticipate for’from the law of Mass
Action,the greater the partial pressure of the oxygen, the
greater will be the amount of So3 formed. By writing the

ordinary equation in the fom PSO; KV PO
PSOg 27

thisis readily observed.

In the Mannheim Contact Plant the oxide shaft which
carries the iron oxide catalyst is situated adjacent to
the pyrites burners, It is packed to a depth of about
7' 6" with approximately 2" lumps of Fey0, ("burnt ore").
To obtaein the best results in the oxide shaft, running with
as high an oxygen content as possible would form the
best practice.. Actual variatioms of gas concentration
on conversion in the oxide shaft have not been studied in

practice. In ordinary practice all air is drawn through

the/
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)

the burners so that it is not feasible to run with too
high an D2 concentration. In general practice the
S0, content of the burner gas is about 6 to 7%. This
point is worthy of investigafionAas in good practice
about 33% is the amount of wonversion obtainable, It
might be possible to obtain considerably over 40% with
correct concentrations of SO2 and 02.

Another very important point which is brought out in
the foregoing experiments is the importance of temperature
in the formation and dissociation of ferric sulphate.

That the function of the iron oxide is not truly chemical
in its nature has been shown by the work of Keppeler and
D'Ans (Zeit Angew. Chem. 1908, 21 and Zelt physik Chem,
1908, 62.). . Their work undoubtedly shows that the
trioxidgfas first formed and then combines with the oxide ef tTon,
so that the physical state of the surface is of great
importance. Nevertheless the temperature conditions must
be correct for the formation and dissociation of the ferric
sulphate. TRheoretically what is necessary 1s,that the
partial pressure of the SO5 in the gas is equal to the
dissociation tension of the ferric sulphate. If the
temperature fall below that required to give the correct

dissociation pressure of the SO_ ,then the gas will be

3)
absorbed by the ferric oxide to form ferric sulphate.
Mpreover, as 1s seen from the curves, if the SO,
concentration is increased, a higher temperature is
required to bring about a corfesponding amount of ferric
sulphate dissociation (Compare Figures 5 and 73, the -
variation in the size of particles could not alter the
temperature of dissociation of ferric sulphate) . This
point of temperature control of the oxide shaft does not

receive enough attention in practice. In practice I found

that a temperature of 620°C in the middle of the oxide

shaft gave better results than one of 590°C on a 6 to 7%

S0/
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802 content of burner gas,

No light is shed upon the question of whether increased

surface will increase the percentage conversion. It 1is
.probable that the physical state of the surface is of much
more importance than mere area 6f surface, as is the case
with the platinum contact.

Wher; sulphatising roasting is the object in view,
then the temperature must not exceed 60000 if ferric
sulphate is wanted, But if the iron is desired in the
state of oxide as is the case &% certain sulphatising
roasting operations, then a temperature in excessof this

figure 1s required,
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Table I.
Vol, of Vol. of : .

Temp. N/10 Na 5,9, Wt of SO, Vol of SO_ N/10 NaOH Wt of SO, Vol.of

Ce cCcs. gms., . cces, 2 ccs, gms., GCSe
400 25.3 0.079 27.6 56 48 0.030 8440
480 26.0 0.080 27.9 57.5 0,030 8440
500 24.8 0,081 28.3 574 0,031 8465
550 20,0 0,096 3345 67.8 0,031 8465
600 19.8 0,097 3349 68.4 0,032 8493
650 17.2 0,105 36417 736 0.032 8493
700 16.4 0.107 3744 75.2 0,032 8.93
750 15.0 0.112 39.2 7843 0.033 9.20
800 10.3 0.127 44.8 90,0 0.043 12,00
850 11.7 0.123 43.0 88,9 0.049 13,60

900 11,7 0,123 43,0 89,7 0.061 16,75
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TABLE II.

Vol.,of gas Vol. of Vol.of % SO_ % 80, % Conversion Temperature

asptzzzfd. SO2 SOI5 2 ofsgoz to of ggrnace.
cc8e cecs, 3 ¢
500 27,6 8,40 5,15 1.56 23.4 400
500 27.9 8,40 5,20 1.56 23,2 450
500 2843 8,65 5,27 1.60 23.4 500
500 3345 8.65 6,18 1.59 20,5 550
500 3349 | 8,93 6.24 1.64 20,8 | 600
500 3647 8493 6.74 1.64 19.6 650
500 37.4 8493 6.85 1.63 19.3 700
500 39.2 9,20 7.15 1.68 - 19.0 750
500 44,8 12,00 8.05 2,16 21,2 800
500 43,0 13.60 7.74 2.45 24,0 850

500 43,0 16.75 7.70 3.00 28,1 900



Vol,.of gas
axpirated

CCSe

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

Vol.of
SO
cgs .

14,3
15,7
18,5
19,1
19,7
20,6
23.2
25.8
26,0
29.75
32,3
33.1
38,7
41,.4
42,1
43,7

TABLE III.

Vol;of
SO
ccd.

frace
Trace
Trace
Trace
Trace
Trace
6.1
6.2
6.2
6.2
6.1
6.5
9.3
9,9
11.7
13.6

%302

2,79
3.14
3.70
3.82
3.94
4.12
4.80
4.85
4,90
5.32
6.00
6.15
7.06
7.50
7.62
7.84

%so3

1.13
1.17
1.17
1.16
1.13
1.20
1,70
1.80
2,12
2.44

gdConversion

802 to SO

21

19.4
19.3
17,3
15,9
16.4
19.4
19.3
21.8
25.8

3
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Temp. of
fyrnace.
Ce
150
200
250
300
350
400
450
500
550
600
650
700
750
800.
850
900
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TABLE IV,

Vol. of gas Vol,of VOL.of %802 %SO5 % Conversion Temp. of
asplrated, S0 SO S0, to SO Furnace,
ces., ceS. cosd 3 oc.
500 18,6 Trace 3. 59 - - 150
500 19.2 Trace 3.70 - - 200
500 23.7 Trace 4,42 - - 250
500 25,1 5.8 4,66 1.09 18.8 300
500 26.8 6.7 5,04 l.26 20,0 350
500 26.9 7.9 5.05 1.48 22.8 400
500 27,2 8.2 5,07 1.53 23,2 450
500 2%.75 843 5,17 1.55 23.0 500
500 34,2 8.7 6,30 1,60 20,2 550
500 34,7 9.1 6.40 1.68 20,8 600
500 3643 g.1 6,66 1.67 20,0 650
500 " 37.8 10.4 6,90 1,90 19,6 700
500 40,7 12,3 7.36 a.22 23.2 750
500 46,1 15.7 8.23 2.80 25,4 800
500 46,6 17.8 8.28 3.16 27.7 850

500 46.4 19.1 8.20 3.2 29,2 900



Vol.of gas
aspirated.

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

Vol. of
802
ccs.
21.3
22,6
27,56
28,50
29,10
29,80
32,0
38.2
41.0
43,0
47,2
48,9
49,4
49,0
47,8
44,2

TABLE V.,
Vol.of % SO
S0z 2
cca,
Trace 4.10
Trace 4.30
6.4 5,10
7.1 5,32
7e6  5.43
8.1 5,54
8.2 5,91
8.3 7.00
8:3  7.47
8.9 7.80
11,7 8.45
13.1 8,70
15,2 8,75
17.2 8,67
17.4 8.47
17.4 7.87

% sos

1.20
1,33
1.42
1.50
1.51
1.52
1.515
1.61
2.10
2,33
2,70
3,02
3.08
3.09

% Conversion
S0, to SO

2

18.9
20,0
20,7
21,1
20,4
18,3
16,9
7.2
19,9
21,2
23.5
26,0
26,7
28,7

3

33,

Temp. of
F%rnace.
Coe
150
200
250
300
350
400
450
500
550
600
650
700
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TABLE VI,

Vol.of gas Vol.of vol.of % SO % S0, 9% Conversion Temp.of

aspirated, Sggs SO5 2 S S0, to SO:5 ggrnace.

. CCSe .
750 6.98 Trace 0,92 - - 300
750 8425 5.4 1,08 0,71 3946 350
720 8.93 6.2  1.21 0,84 41,0 400
690 11,92 8.28 1,68 1,16 41,0 450
525 11.70 7.09 2,16 1,30 37.8 500
486 14,10 7.98 2,78 1,57 3642 550
473 18,70 7.66 3,77 1,54 29,2 600
492 21,80 9,00 4,17 1,72 29.2 650
388 28,90 7.15 6,88 1,69 19.8 700
382 29,10 8430 6,95 1,98 22,2 750
314 23,90 9,00 6.89 2,60 27.4 800
300 20.4 9.45 6.20 2,87 51.6 850

290 19,2 9.92 8,02 3.11 34,1 900



Vol.of gas Vol.of

aspirated,

ccs,
720
700
675
660
610
578
523
| 494
481
436
387
298
268

S0,
ccSs.

16.9
2647
3648
3643
34,1

3847
35.6
3846
38.9
3646
3445
26,2
23.3

TABLE VII,

Vol.of
S04
ccs.
Trace
Trace
10,8
11,2
11.0‘
10.4
9,95
9.4
9,38
9.15
8.9
7+95
8436

% S0

2,3

3.68
5,10
5.13
5,21
616
6427
7.12
7.35
7.6

8,68
7.98
7.79

2

9q S0,

1.49
1.58
1,68
1.66
1,75
1,74
1.77
1,90
2,06
2.42
2,79

% Conversion
S0p to SO,

22,7
23,6
24,4
21.2
21.8
19.6
19,4
20,0
20,5
2343
26.4

35,

Temp.of

fugg?ce.
300
350
400
450
500
550
600
650
700
750
800
850
000



TABLE VIII.

Vol.of gas Vol.of Vol.of % S0 % SO % Conversion Temp, of

asgzgfted. cci?z cc§?5 2 3 802 to SO5 Fgg?ace.
480 14,9 Trace - 3.02 - - 300
472 21,35 Trace 4,35 = - 350
4170 27,7 Trace 5,58 - - 400
420 25,6 3.78 5,70 0.84 12,9 450
390 24,4 4,13 5,83 0,99 14.5 500
375 28,3 4,10 6.95 1,00 12,7 550
312 23.1 4.47 6.81 1.32 16,4 600
295 23.3 4,28 7.23 1,32 15,6 650
234 19,4 3.40 7455 1.32 15,0 700
196 17.1 3450 7.87 1.62 17.0 750
150 13.6 2,88 8.1%7 1,73 17.5 800
112 10.1 2.33 8,10 1.87 18,7 850

86 7.74 2.20 8,06 2,40 22,0 900
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